Antiphospholipid antibodies are strongly associated with arterial and venous thrombosis and with fetal loss. Recently an experimental model for antiphospholipid syndrome (APLS) was established in our laboratory. In this model, mice are immunized passively or actively with anticardiolipin antibodies and acquire the syndrome, which is characterized by prolonged activated partial thromboplastin time (APTT), thrombocytopenia, low fecundity rate, and fetal loss.
linked to adverse pregnancy events (1) (2) (3) . Pregnant women possessing these antibodies have an increased risk for spontaneous abortions, intrauterine fetal growth retardation, preterm birth, and arterial and venous thrombosis. Several mechanisms have been proposed to explain the pathogenicity ofthe antiphospholipid syndrome in pregnant women, including placental thrombosis and infarction (4) , inhibited production of prostacycline (PG12) by blocking the release of arachidonic acid from endothelial cells (5) , interference with thrombomodulin (6) , tissue plasminogen activator activity (7) , protein S (8) , or antithrombin III (9) .
Recently, two experimental models of antiphospholipid syndrome (APLS)' were established in our laboratory (10) (11) (12) .
In one model, mice were actively immunized with anticardiolipin antibodies and four months later acquired the syndrome characterized by the presence ofmouse anticardiolipin antibodies, prolonged activated partial thromboplastin time (APTT), thrombocytopenia, and a low fecundity rate. After mating, they exhibited fetal loss (10, 12) . In another set ofexperiments, the APLS model was passively induced by an intravenous transfusion ofserum anticardiolipin antibodies (24 h after mating), and similar results were obtained when the mice were mated (1 1). In a normal process of pregnancy lymphokines and monokines were found to affect fetal implantation and development (13) . Cytokines from the colony stimulating factor family, like GM-CSF and IL-3, were shown to be positive factors for implantation and to promote placental development and fetal growth (14, 15) .
Following our preliminary findings of inhibited ability of splenocytes to produce IL-3 in mice with experimental APLS (16) , and given the efficacy of IL-3 in preventing fetal loss in a strain of mice prone for fetal resorption (14), the aim of the present study was to examine the effect ofmurine recombinant IL-3 (mrIL-3) on pregnant mice induced with the experimental antiphospholipid syndrome.
Methods
Mice. 12-wk-old female ICR mice and 14-wk-old males were purchased from the Sackler School of Medicine, Tel Aviv University. 6,140±7001 28±6 * P < 0.05. ** M±SE.
anticardiolipin antibodies through the tail vein as described elsewhere (1 1).
In vivo treatment with murine recombinant IL-3(mrIL-3). Ten of the ACA-injected mice were treated with mrIL-3 (Cellular Prod. Inc., Buffalo, NY). 200 ng ofmrIL-3 were administered intraperitoneally on days 6.5, 8.5, and 10.5 of pregnancy (confirmed by vaginal plug). The other 10 ACA-injected mice served as a control group and were treated with PBS only. Another 10 mice not infused with ACA or IL-3 served as a base line control group.
Evaluation ofpregnancy outcome. The number oflive embryos per pregnancy and the weights ofembryos were studied. The rate ofresorptions was calculated as the number of resorbed fetuses (R), divided by resorbed and full-term fetuses (F) (%R = R/[R + F]).
Blood cell counts and coagulation studies. Leukocytes and platelets from individual blood samples drawn on day 15 of pregnancy were counted on an ELT8/WS cell counter (Coulter Electronics Inc., Hialeah, FL). The presence of lupus anticoagulants was evaluated by the prolongation of activated partial thromboplastin time (APTT) in a mixing test adding 1 vol. plasma (whole blood mixed with Na-citrate 0. 13 mol/liter, in a 9:1 ratio), to 1 vol. APTT reagent (Sigma Diagnostics, St. Louis, MO) and incubating for 2 min at 370C. Another volume of 0.02 M CaC12 was added, and the clotting time was recorded in seconds. The results were compared with kaoline clotting time (KCT).
Evaluation of bone-marrow cellularity. Bone marrow cells were withdrawn from the femur ofcontrol-, CAR-and IL-3-treated mice on day 15 of pregnancy. The cells were smeared on glass slides, stained with May-Grunwald Giemsa, and differential cell counts were carried out under light microscope.
Results
The mice injected with the monoclonal anticardiolipin antibodies (CAR) were killed on day 15. The mice developed a slight thrombocytopenia (mean platelet count of 847,000/mm3 vs. control 1008±68, P < 0.05) and fetal resorption rate of 32%±4.2 (P < 0.0005). Following in vivo administration of mrIL-3, thrombocytosis (mean platelet count 1,350,000/mm3, P < 0.0005) was observed in the treated mice. The mice given mrIL-3 showed only 4% resorptions (P < 0.0005) with an increased mean (±SE) number of fetuses (14.3±0.5 vs. 11±0.6, P < 0.0005) ( Table I ). Differential cell count of bone marrow cells revealed a marked increase in the number of megakaryocytes (from 4 to 14%, P < 0.01) and band forms, indicating a stimulatory effect on the bone marrow. (Table II) . Fig. 1 shows the differences in uterine size and number of fetuses between mice treated with mrIL-3 (a) and the CAR group (b). Several resorptions are seen in the uteruses of those in the anticardiolipin-injected group, while more fetuses are seen in the uterus derived from an mrIL-3 treated animal.
In another group of mice that were sacrificed on day 17 of pregnancy (a regular pregnancy period being 21-23 d), the mrIL-3-treated mice already gave birth, indicating the growth stimulatory effect of IL-3 on embryo size. Fig. 2 shows two representative embryos, one from the mrIL-3 treated mice (right) compared with embryos of untreated control pregnant mice (left).
Discussion
Implantation and placental development are dependent on two main processes. The first includes a highly proliferative phase of the cytotrophoblast, which is influenced by growth factors produced endogeneously by the trophoblast and later on by the placenta. At the same time, a second process of trophoblast invasion to adjacent tissues like the uterus epithelium, the underlying basement membrane, the connective tissue, and the blood vessels are needed for fetus expansion and growth (17, 18) . This penetration capability ofthe trophoblast is due to the proteolytic activity of the enzyme urokinase-type plasminogen activator (19) . This enzyme converts the abundant extracellular zymogen plasminogen into plasmin, an active protease that, directly or indirectly, can promote degradation ofall components of the extracellular matrix (18) . In the present study, mice induced with APLS by transfusion of anticardiolipin antibodies, developed thrombocytopenia (P < 0.05), prolonged APTT (P < 0.05) and increased fetal resorption (P < 0.0005). In previous studies (10, 11) we showed that infusion of nonrelevant monoclonal antibodies and even nonpathogenic anticardiolipin antibody (CAL), were not associated with any of the APLS manifestations. These three parameters, which are characteristic of APLS, were shown to improve following treatment with mrIL-3.
An insight into the broad spectrum of activities of IL-3 reveals that it participates in the two crucial stages responsible for embryo implantation, i.e., trophoblast expansion and trophoblast invasion (17, 20, 21) . IL-3 was shown to play a role in the regulation of placental growth. The proliferation of mouse unfractionated placental cells was stimulated in vitro by the addition ofIL-3 (17) . The placenta by itselfis capable ofsynthesizing IL-3 as well as G-CSF, M-CSF, and GM-CSF, and thus by an autocrine loop to regulate its own expansion (18) . These characteristics of IL-3 may explain its ability to induce fetal development in the APLS-induced mice. Moreover, IL-3 was shown to stimulate the activity ofthe urokinase-type plasminogen activator of murine bone marrow derived macrophages and peritoneal macrophages following administration in vivo (21).
Francis et al. (7) suggested that a possible mechanism for the pathogenicity ofthe antiphospholipid antibodies is the ability of these autoantibodies to inhibit plasminogen activator activity. It is reasonable to assume that by its ability to stimulate this enzyme activity, IL-3 can support oval invasion and its subsequent implantation, thus preventing early fetal resorption.
IL-3 is capable of increasing platelet number both in vitro and in vivo, due to a de novo production of megakaryocytes (22) (23) (24) . The results obtained in the present study indeed indicate an increase in the number of megakaryocytes in the bone marrow followed by peripheral blood thrombocytosis (Table  II) . Although the exact role of platelets in the pathogenesis of APLS is not yet sufficiently clear, the ability to improve platelet numbers may be a significant clinical finding. In other studies (data not shown) we also examined the effect of low dose aspirin and low molecular heparin on the resorption rates of the experimental APLS. Low dose aspirin decreased the resorption rate from 46 to 11%, while low molecular heparin was effective in reducing the fetal loss from 42 to 12%. IL-3 seems to be the most effective of the three modalities, resulting in almost complete abrogation of the fetal loss.
In the present study the monoclonal antibody was infused on day 1, while IL-3 was given on day 6. Therefore, it seems that the major effects of IL-3 may be targeted either to the advanced stages of blastocysts' maturation or to reversion of the thrombocytopenia. This may suggest that the low platelet number may be a primary event rather than a secondary one.
Human recombinant IL-3, introduced in clinical trials in the last three years, has been shown to exert minimal toxicity and side effects (25) (26) (27) . The molecule has an impact on the prevention of chemotherapy-induced neutropenia and in the treatment of cytopeniae associated with myelodysplastic syndrome and aplastic anemia (25, 26) . It would seem that IL-3 represents a novel and unique hemopoietic growth factor that, according to the results obtained-in this study, may be effective in the prevention of fetal loss in APLS.
